The work presents the results of research on erosion and landform changes of a bottom of a dry erosive-accumulation valley in Elizówka in 1958, 1970 and 2016. The changes have been examined with the use of geodetic topographic surveys techniques. The research field was a 480-metres long part of the valley bottom. The topographic surveys in 1958 and 1970 were conducted with longitudinal (parallel to the bottom of the valley) and cross (every 20 metres) sections method. In 2016 the modern measuring devices were used. All the results, together with coordinates of points and historical data were converted into GIS spatial layer. The altitude values formed the input data for interpolation of rasters showing changes of the topography in three periods. Three TIN models were also developed to distinguish erosion and accumulation zones plus the quantity of eroded and accumulated material. The valley on the majority of its length has been raised and has changed from V-shaped into U-shaped. Accumulation of the soil material led to levelling the bottom. Accumulation concentrates along a flow line, while soil washout mainly at the bottom of slopes. The thickest sediment layers were observed in the lowest part. For the whole 1958-2016 period a total of 3470 m 3 soil material has been deposited on the area of about 1.62 ha, while in the same time only 130 m 3 has been eroded (from 0.22 ha).
INTRODUCTION
Both land relief and soil are under constant pressure from natural and anthropogenic factors that initiate numerous -often adverse -changes in the soil environment. The soil plays an important utilitarian, ecologic and culture roles [Kowalik 2001 ] and its quality in the natural environment is defined by resistance to degradation and ability to regenerate [Seybold et al. 1999 ]. The most soil and relief destructive factor in a world scale is an intensive water erosion. It reshapes landforms and changes soil profiles (reaching even deeper layers in case of the gully erosion) [ Regeneration to its initial state is very difficult or even impossible as soil-forming processes are very slow [Pimentel et al. 1993 ]. This is why the soil is classified as a hardly renewable natural resource. Thus, research on water erosion scale and range is not of cognitive character only, but has also a very utilitarian aspect -it is an important element of implementation of sustainable erosive soil usage, leading to optimization of crops with minimizing the extent of degradation processes.
Bottoms of dry erosive-accumulation valleys are classified as easily reshaped by the water erosion with both washout and accumulation [Mazur 2005 ]. Quantitative monitoring of these processes forms a serious challenge. The most popular method was analysing changes on longitudinal and cross sections [Grzywna, Pałys 2000 ]. The research of that kind was also conducted on slopes and atop [Pałys, Mazur 1998 ]. This method was very time-and labour-consuming however. Recently, a technological advance in digital surveying devices changed the situation. Such devices are widely used in engineering as well as environmental tasks, including these erosion-re- 
MATERIALS AND METHODS
The research object is located in Elizówka -a village on the Lublin Upland, in the eastern part of the Nałęczów Plateau mesoregion [Kondracki 1994 ], near the northern boundary of Lublin ( fig. 1 ). Landforms are typical for the Lublin Upland here, with vulnerable to erosion soils on deep loess. On tops retisols are dominant, on slopes -soils eroded to different extent and on bottoms -deluvial soils with thick humus horizon [Turski et al. 1992 ]. Mean annual precipitation for the region is about 550 mm. The surface runoff is most significant during the spring snow melting and during the spring-summer storm rainfalls [Mazur 2005 ].
The research field was a 480-metres long part of the valley bottom, oriented north-south ( fig. 2) . The width of the bottom differs from 10 to 53 metres. The western exposure slope is 150 m in length on average and is slightly upwardly convex with many troughs and young tributary valleys. The eastern exposure slope is 80 m in length and has convex-concave profile. The bottom and both slopes of the valley form a part of one croprotation ploughed field. Its slope-wise cultivation increases erosion.
The topographic surveys in 1958 were conducted with longitudinal and cross sections method in a local coordinate system using ranging rods, double pentaprism, measuring tapes and levelling set (optical level PZO Ni4 with a set of wooden level staffs). The longitudinal section was lined up parallel to the bottom of the valley and bench marked. The cross sections were done every 20 metres each. The surveys of 1970 were conducted using the same method and devices. In 2016 the modern measuring devices were used. The first step was to re-measure XYH coordinates of 1956 section bench marks. X and Y coordinates in the PL-2000 (zone 8) Polish reference system were obtained with GNSS-RTK technique and TPINETpro corrections using Topcon HiPer V receiver with FC 2600 controller. Altitudes (H) in the Kronstadt 86 reference system were measured with Leica Sprinter 150M digital level plus a set of levelling staffs using 3 rd class national control network. The WinKalk software was used to calculate the PL-2000 (zone 8) XY coordinates of 1958 and 1970 bench marks, originally in local, orthogonal reference system (they were obtained from original, archival measuring logs). The resulting data were loaded into Leica Viva CS15 controller. Measurements were done using Leica Nova MS 50 multistation which was centred on the section bench marks and aimed on the next point. Leica Viva was mounted on rod with 360° prism. After each point was set out, its altitude was measured. The results (exported from the controller), together with coordinates of points as well as historical data were converted into discrete vector spatial layer in PL-2000 (zone 8) coordinate system using ArcGIS programme. The altitude values of points formed the input data for interpolation. Natural neighbour algorithm was used to create three raster datasets (with spatial resolution of 20 cm) showing changes of the valley's bottom topography between 1958 and 1978, 1978 and 2016 plus 1958 and 2016. Spatial extents of rasters were limited to outermost measuring points. Three TIN models were also developed. Using surface difference tool, the volume and the area of changes were detected for three mentioned periods hence it was possible to distinguish erosion and accumulation zones as well as the quantity of eroded and accumulated material.
The next step was to create longitudinal profile and to calculate the changes of a grade-line of the bottom. The topographic survey results were also used to create three TIN models. TIN (Triangulated Irregular Network) represents the surface in the vector data model by using sample points as vertices of triangles, which size and density corresponds with the complexity of the relief. Using surface difference tool, the volume and the area of changes were detected for the three periods hence it was possible to distinguish erosion and accumulation zones as well as volumes of each for all the three periods analysed. The results are shown in Table 1 .
Looking at these results, it is evident than soil material accumulation processes are pre- One of reasons of decreasing accumulation ratio can be a change in the land use in the upper part of the catchment of the valley. Till the 1980s it was mainly agriculture usage with the domination of intensively eroded ploughed fields [Mazur 1972 ]. Since 1990 in Elizówka, neighbouring to the northern boundary of Lublin, many fields were turned into single-family house estates. The upper part of the catchment of the analysed area was no exception here. The increase of orchards and berries plantations has also been observed. Sodded interrows on plantations limited the water erosion intensity. It all undoubtedly led to smaller soil erosion and, consequently, lower amount of eroded soil material transported from the upper part of the catchment and deposited in the bottom of the valley. 
